.2.
(S)-8a-benzyl-3,4,8,8a-tetrahydronaphthalene-1,6(2H,7H)-dione (3d) [ ] D
20 = -52 (c = 0.5, CHCl 3 ). The ee value was determined by Chiral HPLC. [Daicel Chiralpak AD-H column, = 254 nm, 2-propanol: n-Hexane = 1: 9, flow rate = 1.0 mL/ min]: t R = 11.22 min (major), t R = 11.90 min (minor).
1 H NMR (300 MHz, CDCl 3 ): = 7.28-7.26 (m, 3 H), 7.05-7.03 (m, 2 H), 5.96 (d, J = 1.2 Hz, 1 H), 3.18 (2d, J = 13.5 Hz, 2 H), 2.75-2.55 (m, 4 H), 2.39-2.25 (m, 2 H), 2.18-2.08 (m, 3 H), 1.70 (qt, J = 13.6, 4.4 Hz, 1 H).
13 C NMR (75 MHz, CDCl 3 ) : = 209.9, 198.2, 165.0, 135.5, 129.5, 128.6, 127.5, 126.9, 55.8, 42.6, 39.1, 33.6, 32.6, 27.5, 23 .0.
(S)-8a-(2-bromoallyl)-3,4,8,8a-tetrahydronaphthalene-1,6(2H,7H)-dione (3e)
[ ] D 20 = -45 (c = 1.0, CHCl 3 ). The ee value was determined by Chiral HPLC. [Daicel Chiralpak AD-H column, = 254 nm, 2-propanol: n-Hexane = 1: 9, flow rate = 1.0 mL/ min]: t R = 12.01 min (major), t R = 12.83 min (minor).
1 H NMR (300 MHz, CDCl 3 ): = 5.91 (d, J = 1.6 Hz, 1 H), 5.62 (d, J = 2.1 Hz, 2 H), 3.07 (2d, J = 14.9 Hz, 2 H), 2.95-2.70 (m, 2 H), 2.62-2.30 (m, 5 H), 2.25-2.09 (m, 2 H), 1.81-1.67 (m, 1 H). 13 C NMR (75 MHz, CDCl 3 ) : = 208.9, 197.7, 163.9, 127.2, 126.4, 122.3, 54.7, 46.5, 39.0, 33.5, 32.2, 26.1, 23.7 209.9, 198.4, 165.5, 136.2, 126.4, 117.2, 55.1, 38.3, 34.4, 33.6, 32.1, 26.4, 25.9, 23.4, 18 .0. 198.6, 162.6, 137.7, 129.6, 129.4, 127.9, 126.8, 60.5, 39.0, 33.4, 32.9, 32.8, 23.6 . : = 208.2, 197.7, 169.1, 163.4, 127.2, 61.3, 52.8, 40.4, 38.0, 33.4, 31.7, 26.9, 23.6, 14. 13 C NMR (75 MHz, CDCl 3 ): = 216. 4, 198.0, 169.7, 123.8, 48.6, 35.8, 32.9, 29.2, 26.8, 20.5 . 13 C NMR (75 MHz, CDCl 3 ): = 210. 0, 198.3, 166.2, 126.1, 55.1, 38.3, 33.4, 31.8, 28.2, 24.8, 23.4, 8.8 .
The IR spectra (range1880-1400 cm -1 ) of 1a, 2a and 3a
The starting material 2-methyl-1,3-cyclohexanedione (1a), intermediate 2-methyl-2-(3-oxobutyl)cyclohexane-1,3-dione (2a) by the band at 1620 cm -1 of 3a, for which the signal is very weak.
Theoretical Calculation
DFT calculations were carried out with Guassian 03. the geometry optimizations were carried out by using the B3LYP functional with 6-31G (d) basis set, which have been well applied in theoretical studies of enamine based organocatalytic process. The single point energy calculations were calculated based on the optimized structures using B3LYP/6-311++G(2df,2p) method. All the energies are in kcal/mol. Structures were generated using CYLview (CYLview, 1.0b; Legault, C. Y., Université de Sherbrooke, 2009 (http://www.cylview.org)). 
